Fibroblasts are responsible for producing the majority of collagen and other extracellular matrix (ECM) proteins in tissues. In the injured tissue, transforming growth factor-β (TGF-β)-activated fibroblasts or differentiated myofibroblasts synthesize excessive ECM proteins and play a pivotal role in the pathogenesis of fibrosis in heart, kidney and other organs. Recent studies suggest that fibroblast-like cells, derived from endothelial cells by endothelial-to-mesenchymal transition (EndMT), contribute to the pathogenesis of cardiac fibrosis. The molecular basis of EndMT, however, is poorly understood. Here, we investigated the molecular basis of EndMT in mouse cardiac endothelial cells (MCECs) in response to TGF-β2. MCECs exposed to TGF-β2 underwent EndMT as evidenced by morphologic changes, lack of acetylated-low density lipoprotein (Ac-LDL) uptake, and the presence of alpha-smooth muscle actin (α-SMA) staining. Treatment with SB431542, a small molecule inhibitor of TGF-β-receptor I (TβRI) kinase, but not PD98059, a MEK inhibitor, completely blocked TGF-β2-induced EndMT. The transcript and protein levels of α-SMA, Snail and β-catenin as well as acetyltransferase p300 (ATp300) were elevated in EndMT derived fibroblast-like cells. Importantly, microRNA (miRNA) array data revealed that the expression levels of specific miRNAs, known to be dysregulated in different cardiovascular diseases, were altered during EndMT. The protein level of cellular p53, a bonafide target of miR-125b, was downregulated in EndMT-derived fibroblast-like cells. Here, we report for the first time, the differential expression of miRNAs during cardiac EndMT. These results collectively suggest that TβRI serine-threonine kinase-induced TGF-β signaling and microRNAs, the epigenetic regulator of gene expression at the posttranscriptional level, are involved in EndMT and promote profibrotic signaling in EndMT-derived fibroblast-like cells. Pharmacologic agents that restrict the progression of cardiac EndMT, a phenomenon that is found in adults only in the pathological conditions, in targeting specific miRNA may be helpful in preventing and treating cardiac fibrosis.
Introduction
Cardiac fibrosis is a common end-stage pathologic manifestation of several cardiovascular diseases. While fibroblasts are the major source of extracellular matrix (ECM) proteins during tissue repair under normal physiologic conditions as well as during development of cardiac fibrosis under pathologic conditions, the origin of fibroblasts participating in cardiac fibrosis is not well understood. Originally, it was thought that in response to myocardial infarction, intracardiac resident fibroblasts derived from embryonic mesenchymal cells were the primary origin of myofibroblasts contributing to repair processes. However, numerous recent studies suggest that, in addition to resident cardiac fibroblasts, adult fibroblast-like cells also originate from endothelial cells (embryonic origin from splanchnopleuric mesoderm) by endothelial-to-mesenchymal transition (EndMT) [1] . EndMT is a common biologic process during embryonic development of the heart and other organs such as lung [2, 3] . However, in adults, abnormal activation of EndMT and differentiation of EndMTderived fibroblast-like cells to collagen producing myofibroblasts play a significant role in the development and progression of fibrosis in organs such as heart and lung [3] [4] [5] [6] [7] [8] . EndMT is characterized by endothelial cell disaggregation, morphologic change related to myofibroblast differentiation, and gradual loss of endothelial markers such as CD31, VE cadherin, and vWF, with the gradual appearance of fibroblastic markers such as FSP1, alpha-smooth muscle actin (α-SMA) and collagen. Additionally, different transcription factors such as Snail and β-catenin are also known to participate in the process of EndMT, via suppression of endothelial markers [2, 4, 6, 9] . It is now well documented that elevated transforming growth factor-β (TGF-β) signaling controls endothelial plasticity and plays a significant role in the EndMT process [8] . However, the molecular basis of TGF-β-induced EndMT is poorly understood. Understanding the molecular basis of EndMT and the inhibition of new fibroblast formation from endothelial cells will be an ideal approach to control fibrosis because EndMT-derived fibroblast like cells in the adult myocardium are only associated with pathologic conditions (4,7).
MicroRNAs (miRNAs) are short, highly conserved, RNA sequences comprised of approximately 22-nucleotides, and are involved in epigenetic regulation of eukaryotic gene expression. Aberrant expression levels of several miRNAs are associated with the pathologic conditions of different cardiovascular diseases such as hypertrophy, cardiac fibrosis, arrhythmia, myocardial infarction, heart failure, and cardiomyopathy [10] [11] [12] . However, the expression levels of miRNAs and their implication in fibrogenesis via activation of EndMT are still unknown. To better understand the molecular basis of EndMT, we examined the effect of a small molecule inhibitor of transforming growth factor-β (TGF-β) receptor type I kinase (TβRI) on EndMT and presented data showing the efficacy of a small molecule inhibitor of TβRI in blocking cardiac EndMT. Along with EndMT-markers such as α-SMA and involved transcription factors like Snail and β-catenin, the epigenetic regulator of profibrotic signaling ATp300 was also elevated during EndMT. Furthermore, we conducted, for the first time, study of the expression levels of miRNAs by miRNA array in EndMT-derived fibroblast like cells and demonstrated differential expression of several miRNAs during cardiac EndMT. We discuss here the significance of these observations on miRNA and EndMT in the light of cardiac endothelial plasticity and cardiac fibrosis.
Materials and Methods

Mouse cardiac endothelial cells isolation
Mouse cardiac endothelial cells (MCECs) were isolated as described by Lim and Luscinskas (13) , with modification. In brief, mouse hearts were collected and minced with scissors. Minced cardiac tissues were treated with collagenase and centrifuged. The cell pellets were resuspended in cold buffer and incubated with anti-mouse CD31 antibody-Dynabeads (Invitrogen, Carlsbad, CA). Dynabead-bound cells were isolated on a magnetic separator, resuspended in media containing 20% fetal bovine serum, and cultured. To increase endothelial cell purity, cells were trypsinized, washed, and incubated with a second endothelial specific antibody (CD102-Dynabeads, Invitrogen). CD102 antibody-Dynabeadbound cells were isolated following the steps used in CD31 antibody-Dynabead mediated isolation. In order to further confirm that the isolated cells were primarily endothelial cells, cell cultures were labeled with diluted fluorescent dye tagged acetylated-low density lipoprotein (Dil-Ac-LDL; Biomedical Technologies, Inc., Stoughton, MA) (10 µg/mL). Fluorescent probe-containing media were removed; cells were washed with probe-free media and visualized via fluorescence microscope.
Endothelial-to-Mesenchymal Transition
The primary cultures of MCECs were grown in Dulbecco modified Eagle medium with 2% FBS and treated in triplicate for 7 days with TGF-β2 in the presence and absence of small molecule SB431542 (10 µM), a potent inhibitor of TGF-β-receptor I kinase, or PD98059 (25 µM), an inhibitor of MAP kinase kinase (MEK), which inhibits extracellular signalregulated kinase 1 and 2 (ERK1/2) activation, or vehicle dimethyl sulfoxide (DMSO).
Cell morphology study
The morphology of controls and TGF-β2 and/or SB431542 and PD98059-treated mouse cardiac endothelial cells was captured by light microscopy (Olympus CKX41 and camera DP70, Center Valley, PA).
Ac-LDL labeling
Mouse cardiac endothelial cells were incubated with or without TGF-β2 in the presence and absence of SB431542 and PD98059 for 7 days. At the end of incubation, cells were incubated with Dil-Ac-LDL (Biomedical Technologies, Inc., Stoughton, MA) (10 µg/mL in culture media) for 3 hours at 37°C followed by wash with PBS and imaging by fluorescence microscope (Olympus CKX41, Center Valley, PA).
Immunofluorescence
For determination of EndMT and myofibroblast differentiation, control and treated mouse cardiac endothelial cells were washed with phosphate buffered saline (PBS) and fixed with chilled methanol for 7 minutes at −20°C. Fixed cells received blocking buffer and were incubated with fluorescein isothiocyanate (FITC) tagged α-SMA antibody (Sigma, St. Louis, MO) for 1 hour at room temperature and then washed with 1XPBS and photographed by fluorescence microscope (Olympus CKX41, Center Valley, PA).
Immunoblot analysis
Early passages of primary cultures of mouse cardiac endothelial cells were treated with TGF-β2. After 7-day exposure, cells were harvested and cell lysates were prepared. Equal amounts of protein were loaded on SDS polyacrylamide gel and processed for immunoblot analysis. The protein expression levels of PAI-1, CD31, α-SMA, β-catenin, Snail, p53, downstream TGF-β signaling molecules, pSmad2, p-ERK, total-ERK (T-ERK) and acetyltransferase p300 were measured by immunoblot using a specific antibody raised against α-SMA (Sigma-Aldrich, St. Louis, MO), ATp300, p53, PAI-1 (Santa Cruz Biotech, Inc., Santa Cruz, CA), Snail, β-catenin, pSmad2, ERK (T-ERK) (Cell Signaling, Beverly, MA), pERK (phospho-ERK), (Calbiochem/EMD chemicals, Philadelphia, PA), CD31 (GenScript, Piscataway, NJ) and actin (Abcam, Cambridge, MA).
Quantitative RT-PCR
Total RNA was extracted from MCECs using Trizol ® reagent (Invitrogen, Carlsbad, CA), and precipitated with isopropanol. Complementary DNA (cDNA) was synthesized using qScript™ cDNA SuperMix (Quanta Biosciences, Gaithersburg, MD) and then subjected to quantitative RNA polymerase chain reaction (PCR). Briefly, 0.4 µg total RNA from MCECs was mixed with qScript™ cDNA SuperMix and nuclease free water, as per manufacturer's instructions. Quantitative PCR was conducted by employing Real Time PCR (Bio-Rad Laboratories, Inc., Hercules, CA) using PerfeCTa® SYBR® Green SuperMix (Quanta Bioscience, Gaithersburg, MD) according to manufacturer's instructions. PerfeCTa® SYBR® Green SuperMix was mixed with forward and reverse primers for Snail, β-catenin, α-SMA and β-actin (Integrated DNA Technologies, Inc., San Diego, CA) to carry out the real time reaction, as per manufacturer's instructions.
Micro-RNA Arrays
The levels of microRNA in MCECs and in EndMT derived mesenchymal cells were determined by mouse miRNA array kit following the manufacturer's (Signosis, Inc., Sunnyvale, CA) instructions. In brief, miRNAs were annealed to oligonucleotide mix by using 5 µg total RNA, mouse oligo mix, array detection oligo, annealing buffer, and nuclease free water. Following this, the miRNA was first incubated at 72°C for 5 minutes and then at 53°C for an additional 90 minutes. Selection of miRNA/oligo hybrids was then performed by first washing the beads with annealing buffer and then adding the bead binding buffer to the annealed miRNA/oligo hybrid mix. This combination was then incubated at 37°C for 30 minutes and washed with wash buffer. Ligation of miRNA-directed oligos was performed using ligation buffer and ligase at 37°C for 90 minutes to form a single molecule. Thereafter, this ligated molecule underwent T7 RNA transcription. After washing, extension buffer was added to the mix followed by PCR, as per manufacturer's instructions. T7 RNA polymerase was then added to the labeling mix. This mixture was incubated at 37°C for 1 hour. The membrane was pre-hybridized by adding hybridization buffer at 42°C for 30 minutes. After pre-hybridization, the membrane was incubated overnight with transcribed RNA in prewarmed hybridization buffer at 42°C. At completion of incubation, the membrane was washed and rinsed with detection wash buffer. The membrane was then blocked with blocking buffer at 30 minutes at room temperature with shaking. Streptavidin-HRP conjugate was added for 45 minutes, and the membrane was rewashed with detection buffer. Substrate A and B were then added in equal amounts. Following this, the membrane was exposed to Kodak BioMax MR film (Carestream Health, Inc., Rochester, NY) and developed. Spots in MCECs and EndMT membranes were identified using mouse miRNA array chart (Signosis, Inc. Sunnyvale, CA).
Micro-RNA qPCR
The levels of miR-125b were measured in mouse cardiac endothelial cells and EndMT derived mesenchymal cells using a miRNA Real-Time PCR Assay Kit (Signosis, Inc. Sunnyvale, CA) according to manufacturer's instructions. In brief, total RNA along with small RNAs and miRNAs were isolated using Trizol ® reagent (Invitrogen, Carlsbad, CA). The miRNA/oligo hybrid was prepared by adding 1 µg RNA to miRNA oligo mix, annealing buffer and nuclease free water and incubating at 72°C for 5 minutes and then at 53°C for 60 minutes. Beads were washed with a magnetic stand using annealing buffer. Following this, beads were subjected to a selection procedure by binding the miRNA/oligo hybrid with binding buffer and incubating it at 37°C for 30 minutes and then washing with wash buffer. Ligase was used to ligate miRNA-directed oligos and form a single molecule. Initially, ligation buffer was added to the beads and then 1 µL of ligase was added before incubating at 37°C for 90 minutes. Beads were then washed and further incubated with nuclease free water at 95°C for 3 minutes to release the ligated molecule. Ligated molecules were used for quantitative PCR reaction as per manufacturer's instructions by adding SYBR Green PCR Master Mix, miRNA qPCR primer, and DNA polymerase (Signosis, Inc., Sunnyvale, CA).
Statistical analysis
Data are presented as mean ± SEM. The significance of difference between control and experimental groups were determined by statistical analysis using t-test.
Results and Discussion
TGF-β-receptor kinase inhibitor but not MEK inhibitor blunts TGF-β2-induced EndMT in mouse cardiac endothelial cells (MCECs)
TGF-β2 induces endothelial-to-mesenchymal transition [8] . Here, we investigated the molecular mechanism by which TGF-β2 induces EndMT in primary cultures of MCECs. Exposure of isolated low passage primary cultures of MCECs to TGF-β2 for 7 days altered their morphology from an endothelial polygonal cobblestone-like shape to a more spindle shaped fibroblast-like morphology ( Figure 1A, top) . Treatment of MCECs with SB431542, a potent inhibitor of TβRI kinase, prevented TGF-β2-induced morphologic transformation ( Figure 1A , middle). In contrast, PD98059, an inhibitor of MEK MAPK failed to prevent TGF-β2-induced morphologic changes ( Figure 1A, bottom) . Only endothelial cells and macrophages are known to uptake acetylated-LDL. Since MCECs were isolated and selected using two endothelial specific antibodies, CD31 and CD102, the cell population was macrophage-free. To further confirm the transition of cardiac endothelial cells to fibroblastlike cells, MCECs were exposed to TGF-β2 for 7 days and were then labeled with Dil-Ac-LDL. Results revealed that in the absence of TGF-β2, cells were labeled with Dil-Ac-LDL as expected. However, in the presence of TGF-β2, cells were unable to uptake Dil-Ac-LDL indicating that MCECs lost the endothelial property and underwent transition ( Figure 1B,  top) . In the presence of TβRI kinase inhibitor SB431542, and not MEK inhibitor PD98059, MCECs preserved Dil-Ac-LDL uptake and thus prevented cell transformation ( Figure 1B , middle and bottom).
To further confirm the negative influence of TβRI kinase inhibitor on the transition of endothelial cells to fibroblast-like cells, cells were immunostained with anti-α-SMA antibody. While untreated MCECs were α-SMA negative, almost 95% of TGF-β2 treated cells were positively stained with α-SMA indicating that TGF-β2-induced EndMT and EndMT-derived fibroblast-like cells were differentiated to myofibroblasts ( Figure 1C, top) . However, treatment of MCECs with TGF-β-receptor I kinase inhibitor SB431542 ( Figure  1C Figure 1C ) studies using mouse cardiac endothelial cells and EndMT-derived fibroblast-like cells. Kinase-specific inhibitory effects of SB431542 and PD98059 on TβR1 kinase and MEK-MAPK were confirmed by western blot analysis. Results revealed that while the levels of actin (loading control) remain unaltered, phopshorylation of Smad2 and ERK1/2-MAPK were inhibited by SB431542 (lane 4) and PD98059 (lane 6) respectively ( Figure 1D ). Upon 7 days exposure of MCECs to PD98059, the level of total ERK was also decreased to some extent compared to loading control actin. Nevertheless, in the absence of ERK-MAPK, TGF-β2 was able to induce EndMT as characterized by the presence of elevated level of α-SMA protein. These results collectively suggest that TβRI kinase and Smad-dependent downstream signaling pathway may play a significant role in the pathogenesis of fibrosis via activation of cardiac EndMT. Most importantly, the results of the present study, along with those of a recent study using umbilical cord endothelial progenitor cells [14] , revealed that a small molecule inhibitor of TβRI kinase can efficiently block endothelial plasticity and EndMT.
The transcription factors Snail and β-catenin are known to inhibit expression of endothelial markers including vascular endothelial (VE)-cadherin and are involved in the TGF-β-induced EndMT process [8] . As a positive control of the cardiac EndMT process, we examined the expression levels of these known transcription factors during EndMT of cardiac endothelial cells. Results revealed that the mRNA and protein expression levels of Snail and β-catenin were elevated in EndMT-derived fibroblast-like cells (Figure 2 and Figure 3 ). Elevation of Snail and β-catenin during EndMT of MCECs were consistent with previous findings [2, 8, 9] . However, the levels of β-catenin expression in cardiac EndMTderived fibroblast-like cells were not significantly different from MCECs. β-catenin, a major effector in canonical Wnt-signaling pathway, is activated during EndMT and contributing to heart cushion formation. Furthermore, EndMT is inhibited in mice that are deficient for β-catenin, and β-catenin-deficient endothelial cells are unable to transform into α-SMA positive cells in response to TGF-β [2] . TGF-β-activated Smads can cooperate with β-catenin and mediate the crosstalk between TGF-β and Wnt-signaling pathways [2] . Importantly, Smad3 is required for transcriptional activation of β-catenin as evidenced by the observation that the levels of β-catenin is significantly lower in Smad3 null cells compared to wildtype cells (15) . Snail, a zinc finger transcription factor, is upregulated by TGF-β2 which is dependent on activation of Smad, MEK, PI3K and p38 MAPK (8) , and is required for TGF-β2-induced EndMT of embryonic stem cell-derived endothelial cells. Importantly, overexpressed Snail alone can augment EndMT [9] and its expression is elevated in idiopathic pulmonary fibrosis [16] . In our study, the levels of α-SMA mRNA [ Fig. 2 ] were significantly elevated in TβR1 kinase-dependent EndMT-derived fibroblast-like cells consistent with the results obtained in fluorescence microscopy and western blot analysis ( Figure 1C,D) , thus supporting the notion that EndMT-derived fibroblast-like cells undergo myofibroblast differentiation (Figure 2, Figure 1D , Figure 3 and Figure 4D ). Additionally, Smad-dependent regulation of α-SMA during EndMT as described in the present study is also consistent with a recent observation demonstrating that during gingival fibroblastmyofibroblast transition, the regulation of α-SMA expression by TGF-β is Smad-dependent (17).
The level of acetyltransferase p300 is elevated during EndMT
Acetyltransferase p300 (ATp300) is an essential epigenetic regulator of TGF-β-induced profibrotic responses and is significantly elevated in fibrotic tissues [18] . As EndMTderived fibroblast-like cells contribute to cardiac fibrosis and the profibrotic cytokine TGF-β controls endothelial plasticity [4] [5] [6] 8] , we examined the levels of ATp300 during EndMT. Results from western blot analysis revealed that the protein level of ATp300 was significantly elevated during EndMT that was characterized by the downregulation of endothelial marker CD31 and upregulation of mesenchymal markers such as α-SMA, Snail and β-catenin, profibrotic markers such as PAI-1 and TGF-β signal transducer pSmad2 (Figure 3) . These results indicate that epigenetic regulator ATp300 may play an important role in endothelial plasticity and the specific inhibition of acetyltransferase activity of ATp300 may be an ideal approach to control EndMT and the pathogenesis of cardiac fibrosis.
Differential expression of microRNAs during EndMT
MicroRNAs (miRNAs) are a group of small highly conserved RNA molecule sequences comprised of approximately 22 nucleotides. MiRNAs control the downregulation of numerous direct target genes. Indirectly, miRNAs also upregulate many genes via suppression of their repressor molecules. TGF-β is known to control the expression levels of different cardio-pathologic and cardio-physiologic miRNAs [10] [11] [12] and TGF-β-induced EndMT plays an important role in cardiac fibrosis [4] . Here, we determined the expression levels of miRNAs during EndMT of MCECs. We performed microRNA array of total RNA isolated from MCECs and EndMT-derived fibroblast-like cells. MicroRNA array data revealed that while specific miRNAs such as miR-125b, Let-7c, Let-7g, miR-21, miR-30b and miR-195 were significantly elevated during EndMT (Figure 4A ), the levels of several miRNAs including miR-122a, miR-127, miR-196, and miR-375 were significantly downregulated ( Figure 4B) . Interestingly, the levels of many of these miRNAs are known to be deregulated in different cardiovascular diseases, such as hypertrophy, cardiac fibrosis, arrhythmia, myocardial infarction, heart failure, and cardiomyopathy [10] [11] [12] . Thus the expression levels of specific miRNAs are associated with the diagnosis and prognosis for specific diseases. However, several miRNAs were unaltered in EndMT-derived fibroblastlike cells compared to MCECs (data not shown). To validate the microRNA array data, the expression levels of miR-125b in EndMT-derived fibroblast-like cells and MCECs were further confirmed by miRNA qPCR analysis (≈4-fold increase in EndMT-derived fibroblast vs. MCECs) ( Figure 4C ). One of the major targets of miR-125b is cellular p53 [19] . Previously, we demonstrated that cellular p53 antagonizes TGF-β-induced profibrotic responses [18] and interestingly, the results of the present study revealed that the levels of cellular p53 was significantly downregulated during EndMT of cardiac endothelial cells ( Figure 4D ) which was characterized by significantly elevated level of α-SMA, a bonafide marker of EndMT-derived fibroblast-like cells ( Figure 4D ). Therefore, it is possible that elevated levels of miR-125b downregulates p53 and thus the level of profibrotic signaling is increased in the absence of p53, a known negative modulator of TGF-β-induced profibrotic signaling (18) . The elevated levels of Let-7c and miR-21 have also been reported in acquired heart diseases [10, 11] . Specific suppression of upregulated miRNA or specific overexpression of downregulated miRNA may be a viable approach to blocking induced EndMT. While this article was under revision, Kumarswamy et al. [20] reported that miRNA-21 contributes partially to EndMT in human umbilical vein endothelial cells (HUVEC). Importantly, our miRNA array data confirm that miR-21 is upregulated during EndMT of cardiac endothelial cells as well. However, the present findings suggest that other miRNAs may also contribute to EndMT and the pathogenesis of cardiac fibrosis. Further in vivo study is required to establish the role of these miRNAs in EndMT and in the progression of cardiac fibrogenesis. Such studies are now in progress in our laboratory.
Conclusions
In conclusion, our present study reveals for the first time that i) microRNAs which are dysregulated in cardiovascular diseases, are differentially regulated during cardiac EndMT compared to cardiac endothelial cells; ii) The level of cellular p53, a target of miR-125b and a negative modulator of TGF-β-induced profibrotic signaling, is significantly downregulated during EndMT; iii) The epigenetic regulator ATp300, an essential coactivator of profibrotic signaling, is significantly elevated during EndMT; and iv) A synthetic small molecule inhibitor of TβRI kinase, but not ERK1/2 MAPK inhibitor, significantly blocks cardiac EndMT. Therefore, downstream epigenetic regulators, miRNAs and ATp300 may accelerate TβRI-kinase-induced cardiac EndMT and promote profibrotic signaling in injured heart. Pharmacologic agents that restrict the progression of EndMT targeting epigenetic regulators, miRNAs or ATp300, may be an ideal approach in preventing and treating cardiac fibrosis.
Highlights
• A small molecule inhibitor of TβRI-kinase (prevents Smad phosphorylation and activation), but not MEK inhibitor (prevents ERK phosphorylation), blocks cardiac endothelial-to-mesenchymal transition (EndMT)
• The epigenetic regulator ATp300 is significantly elevated during cardiac EndMT
• Several miRNAs, the epigenetic regulators, are differentially regulated during cardiac EndMT. The level of cellular p53, a target of miR-125b, is downregulated during EndMT
• Epigenetic regulators, specific miRNA and ATp300, may be an ideal target to controlling cardiac EndMT and EndMT-derived fibroblast-like cells-contributed cardiac fibrosis 
A-D. TβR1 kinase inhibitor SB431542 blocks TGF-β2-induced EndMT:
Mouse cardiac endothelial cells (MCECs) were treated with DMSO or SB431542 (SB) or PD98059 (PD) in the presence and absence of TGF-β2 for 7 days. Cell morphology was studied by light microscopy (A); receptor-mediated high endocytosis of Dil-Ac-LDL by primary cultures of MCECs was studied by fluorescence microscopy (B), and immunostaining of cells was performed using FITC tagged α-SMA (myofibroblast marker) antibody (C); MCECs were treated with DMSO or SB431542 (SB) or PD98059 (PD) in the presence and absence of TGF-β2 for 7 days and cell lysates were prepared on three plates and pooled. Equal amounts of proteins were subjected to western blot analysis with α-SMA, p-ERK, T-ERK, pSmad2 and actin (loading control) (D).
Figure 3. Epigenetic regulator ATp300 is upregulated during EndMT
MCECs were treated with TGF-β2 for 7 days and cell lysates were subjected to western blot using ATp300, Snail, β-catenin, PAI-1, α-SMA (mesenchymal markers), CD31 (endothelial marker), pSmad2 (TGF-β-signal transducer), and actin antibodies (left panel). The levels of ATp300 were quantified and presented as fold induction of ATp300 relative to actin in EndMT-derived fibroblast-like cells compared to MCECs (right panel). Yellow bar represents MCECs; Black bar represents EndMT-derived fibroblast-like cells. MCECs were treated with TGF-β2 for 7 days and total RNA was extracted from three plates and pooled. Equal amounts of RNA were subjected to miRNA array (A,B) and qPCR analysis (C). The levels of individual miRNA expression relative to U6 expression were quantified and presented as mean ± SEM. Note: * denotes P<0.05 vs. MCECs. The levels of miR-125b, Let7C, Let-7g, miR-21, miR-30b and miR-195 in miRNA array were upregulated during EndMT (A); the levels of miR-122a, miR-127, miR-196, and miR-375 were downregulated during EndMT (B). The levels of miR-125b in MCECs and TGF-2-induced EndMT-derived cells were further determined by microRNA qPCR and data were presented as fold induction of miR-125b relative to U6 expression in EndMT-derived fibroblast-like cells compared to MCECs (C). Total protein extracted from MCECs (control) and EndMT-derived fibroblast-like cells were subjected to western blot using antibodies against p53, α-SMA and actin. Note: while EndMT marker α-SMA was upregulated, the miR-125b target gene p53 protein level was significantly decreased (D).
